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Abstract 
The learning of power system relay protection requires some practical drills. Laboratories have therefore been 
built in campus and the experiment teaching has been carried out. However, in distance education, the actual presence 
of the students in the laboratories is practically impossible. To overcome this problem, power system relay protection 
experiment in E-learning has been developed. An experiment system of relay protection was developed and the E-
learning links were designed. It enables autonomous, interactive and collaborative learning of relay protection 
experiment through the Internet. In fact, students can learn at any time any place. This system will therefore enhance 
students’ experimental skills and improve experimental teaching quality. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
With the development of information and network technology, E-learning, as a learning mode based on 
resources, changes people’s mode of thinking and learning greatly, and makes education developed 
towards networked, virtual and individualized. Information construction of teaching resources using 
modern information technology has become an important teaching means in modern education [1].With 
the global sharing of digital learning resources, the emergence of virtual classrooms and virtual schools, 
as well as the development of modern distance education, learning has broken the restriction of time and 
space, and lifelong learning has become possible. 
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Power system relay protection is a major subject in a power system course. Within the power industry, 
relay protection is an important measure to guarantee safe, stable and reliable operation of power system. 
In order to cultivate students’ ability of analyzing and solving practical problems, power-system relay 
protection laboratories have been built in campus and the experiment teaching has been carried out. 
However, in distance education, the cost and difficulties of providing field experience to the students have 
limited the teaching of power system relay protection. Thus, making full use of advantages of multimedia 
and network technology, developing power system relay protection experiment in E-learning has become 
an imperative. 
2. Development of Relay Protection Experiment System 
2.1. Development of Relay Protection Experiment 
 (1)The teaching mode 
Due to the advancements in Internet and Web technologies, virtual experiment has been widely adopted 
in distance education. The realization of virtual experiment can effectively solve the difficulties of 
experiment funding, space, equipment, etc. A virtual demonstrate experiment is well-designed by the 
teacher, according to the experiment phenomenon. By using modern multimedia technology, the whole 
experiment process in a real environment is shot, and then made into a demonstrate video.  
Demonstrate experiment has the characteristics of vividness, truth and objectiveness [2]. In the 
demonstrate video, the experiment process is vividly presented with the real equipment and continuous 
images. Following the video, students are able to observe, operate and complete various scheduled 
experiment projects as in the real environment. The demonstrate experiment will therefore allow students 
to understand the theory better, enhance their basic skills and practice ability.  
(2) The contents arrangement 
In experiment contents arrangement, basic concepts, basic principles, basic analysis and design 
methods have been emphasized. Traditional relay protection experiment mainly covered the characteristic 
testing of relays and the experiments of unit protection. With the development of new technology of relay 
protection, microcomputer relay protection has been widely applied and occupied a leading position in 
power system [3]. Thus, the comparison and application of electromagnetic protection and microcomputer 
protection should also be emphasized.  
As shown in Table1, characteristic experiments of current relay, voltage relay, time relay, auxiliary 
relay, as well as power direction relay and differential relay are opened. Besides, experiments of 
automatic reclosing devices and three-section current protection in both electromagnetic protection and 
microcomputer protection ways are arranged. 
Table 1. Experiment Item of Relay Protection 
Experiment Item Property 
Electromagnetic Current Relay and Voltage Relay Experiment Validation 
Electromagnetic Time Relay and Auxiliary Relay Experiment Validation 
Power Direction Relay Experiment Validation 
Differential Relay Experiment Validation 
Automatic Reclosing Devices Experiment Comprehensive 
Three-section Current Protection Experiment Comprehensive 
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 (3) The structure function 
Power system relay protection experiment is composed of the experimental guide book, the experiment 
courseware and the experimental report, as shown in Fig.1.  
Fig. 1. Relay protection virtual experiment structure block. 
The experiment courseware, in the form of three-split-screen, consists of the demonstrate video, the 
guidance and interaction and the experimental PPT, as shown in Fig.2. 
In the demonstrate video, the experimental equipment is presented and experimental principles are 
explained first, and then experiment processes are operated by the teacher. The demonstration video keeps 
pace with the experiment PPT, which allows students to follow the experiment procedure more closely and 
encourage their interest in learning. Besides, special local magnifier function is designed in the video, as 
shown in Fig.2 (a). This allows students to observe the operating action of relays and record the data 
clearly.
 
 
(a)                                                                                                   (b) 
Fig. 2. Experiment screenshot: (a) operation and data recording, (b) wiring 
In the guidance and interaction part, the students are able to select pages of the courseware 
randomly. Kick one page, then the experiment video and PPT will jump to the appropriate 
content, as shown in Fig.2 (b). The content summary of the page is also presented in the 
function block blow. This allows students to regulate the course progress on their own. Besides, 
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contact ways are given, so that students are able to interact with teachers by forum and email at 
any time. 
In the experiment PPT, the experiment process is presented in the form of word, picture and 
animation. Different from traditional single boring learning pattern, animation effects are 
integrated properly. As shown in Fig.2 (b), the circuit is made in the form of animation, 
following the experiment wiring step by step, to encourage students’ interest. 
The experimental guide book and report, as written materials of experimental teaching, is 
required to be standardized in the format and reasonable in the contents. The experimental guide 
book consists of experimental objective, equipment, principles and contents. In order to provide 
more practical knowledge to the students, the experiment contents are extended. The 
experimental report consists of experimental principles, results analyzing and data processing. It 
allows students to get more practice and understand the contents better. 
2.2. Design of E-learning Links of Relay Protection Experiment 
Under the condition of network technology, the core of E-learning is that various kinds of 
teaching media are used on the basis of effective learning support service system to complete the teaching 
and learning task. Therefore, E-learning links of relay protection experiment are designed with the 
ideas of course guidance, autonomous learning and learning support services. 
 In relay protection experiment E-learning, a clear learning path is given to the students 
through the course announcement, forum, video tutorial answering, etc, which makes 
autonomous learning convenient. Students are allowed to learn independently according to 
teachers’ arrangement and their practical situation. 
With the help of learning support services, students are able to set learning calendar, learn 
and get online help at any time. Besides, the learning support service system can remind 
students of important dates, such as deadlines of submitting jobs and exam, track their progress 
in learning, as well as give objective assessment by recording the landing times, learning 
contents and learning time of students. According to students’ learning conditions, teachers can 
adjust the teaching method and progress in time. 
3. Features and Prospects of Relay Protection Experiment E-learning 
3.1. Features of Relay Protection Experiment E-learning 
Distinguished from traditional classroom teaching, E-learning is characterized by richness of learning 
materials, openness of learning environment, convenience of learning mode, autonomy of learning 
activities, and concealed identity of learners[4]. In E-learning, students can fully enjoy the rich learning 
resources provided by Internet and the convenience brought by advanced technology. 
Relay protection experiment E-learning has the characteristics of openness, autonomy, interactivity 
and reusability. In relay protection experiment E-learning, basic knowledge of relay protection is 
provided for the students in electrical engineering, which enables students to master scientific 
experimental techniques and debugging methods of relay protection devices. Students are able to learn 
independently according to their practical situation and interact with teachers or students by messages, 
forum, email, etc. Therefore, relay protection experiment E-learning will promote autonomous 
learning, realize resources sharing and improve the students’ learning experience effectively. 
Power system relay protection experiment E-learning is available for both distance education 
and traditional campus education. In distance education, experiment teaching of relay protection 
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can be combined with factories and enterprises for the in-service personnel. The experimental 
skills and methods they learned will enhance their problem-solving abilities in practical work. In 
traditional campus, through relay protection experiment E-learning, students can get started with 
experiment principles, equipment and operation steps, summarize the considerations and 
questions in the experiment. Thus, they are able to operate better in practical experiment and 
understand the experiment contents more profoundly. Besides, the quality of experiment 
teaching is also improved. 
3.2. Prospects of Relay Protection Experiment E-learning 
21st century is the era of rapid development of computer network and multimedia technology. 
As the application of the Internet based on Web 2.0 becoming more widespread, the technology 
environment of education is changing rapidly and dramatically. Information’s transfer mode is 
changing from one-way to two-way, which enables Internet users to change from information 
consumers to contents publishers. Internet embodies increasingly open, personalized and 
networked, winch is more suitable for the peer review, contents generated by users and the 
collective wisdom of aggregation [5]. With the development of information technology, power 
system relay protection experiment E-learning must have a bright future with its superiority.  
4. Conclusion 
A new experiment system of power system relay protection in E-learning has been presented. 
The experiment system consists of experiment courses and E-learning links. The experiment courseware is 
developed in the form of three-split-screen. Students are able to observe, operate and complete various 
scheduled experiment projects as in the real environment. The E-learning links are designed with the 
ideas of course guidance, autonomous learning and learning support services. Through the 
course guidance, forum, email and video questions answering, students are able to learn 
independently and interact with the teacher at any time.  
This experiment system in E-learning enables autonomous, interactive and collaborative learning of 
relay protection experiment. Through two years’ research of the study group, it is considered that 
power system relay protection experiment E-learning is of great significance to enhance students’ 
experimental skills and practice ability, improve experimental teaching quality, enrich E-learning 
resources in electrical engineering and realize resources sharing. 
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